Background: Prevalence of peptic ulcer disease has been associated to diet. Some dietary factors seem to have bactericidal effect which may modify the risk of peptic ulcer disease. The objective was to analyze associations between dietary habits and peptic ulcers. Design: A cross sectional population study. Subjects: One thousand, one hundred and thirty-®ve subjects out of 11 700 randomly invited men and women, aged 46±67 y, participating in a diet and disease study during 1991±1993. The study population comprised of 764 cases with reported peptic ulcer, 142 with dyspeptic symptoms and 229 randomly selected controls. Methods: X-ray examinations and endoscopies were reviewed and 332 out of 764 peptic ulcer cases were veri®ed. Mean daily intake of foods and nutrients were assessed with a combined 7 d menu book and a quantitative food frequency questionnaire, including dietary supplements. Results: Subjects with veri®ed ulcer had lower intake of fermented milk products and vegetables and higher intake of milk, meat and bread than controls. Intake of total fat, saturated and monounsaturated fatty acids and linolenic acid were higher in the ulcer group. Higher intake of fermented milk products, by quintiles showed a decreased ulcer risk; odds ratio 0.82 (0.71±0.95), adjusted for covariates below. Higher intake of milk, by quintiles, was associated with an increased risk of ulcer; odds ratio 1.17 (1.03±1.32). Smoking, foreign ethnicity and being unmarried or divorced were covariates associated to ulcer. Conclusion: This study indicates the multifactorial etiology of peptic ulcer including dietary factors. High intake of fermented milk products was associated with decreased risk for ulcer, whereas increased risk was noted for high milk intake. Sponsorship: The study was supported by the Swedish Cancer Society.
Introduction
The treatment of peptic ulcer has changed the last decades and previous diet restrictions have been abandoned along with the introduction of potent inhibitors of acid secretion (Molinder, 1995) . However, milk-based diets have sometimes been recommended to ulcer patients as lenient food (Marotta & Floch, 1991) . Different dietary factors have been associated with the peptic ulcer disease. A diet characterized by a high content of ®ber and a proposed cytoprotective effect of some fatty acids like linoleic acid and a low content of re®ned sugar and saturated fat has been suggested to protect against peptic ulcer (Rydning et al, 1982; Katschinski et al, 1990; Grant et al, 1990) . Other dietary rules include the reduction of acid stimulants and irritants like caffeine-containing foods, decaffeinated coffee, spicy foods and excessive alcohol intake (Kingham et al, 1983) Helicobacter pylori infection has been recognized as an etiologic agent for the development of peptic ulcer. The infection is very common also among subjects without dyseptic symptoms and about 30±50% in the general population of developing countries are infected (Peterson, 1992) . In vitro studies has shown that lactic acid bacteria used for fermentation of milk can inhibit the growth of H. Pylori (Bhatia et al, 1989; Midalo et al, 1995) . Anti ulcer effects have also been demonstrated for Bi®dobacteria in a rat model (Nagaoka et al, 1994) .
The aim of this cohort study is to analyze possible associations between dietary factors and peptic ulcer in a cross sectional design.
Methods and materials
In 1991±1993, a total of 11 700 randomly invited men and women, aged 46±67 y and resident in the city of Malmo È, participated in the Malmo È Diet and Cancer study, planned and conducted as a nested case-control cohort study. The general outline and design of the study has been reported elsewhere (Berglund et al, 1993) . A previous ulcer was reported by 1013 subjects (8.7%) and an additional questionnaire was sent to them and also to 264 randomly selected control subjects, altogether 1277 subjects. One Thousand, one hundred and ®fty-one subjects responded (90%) and sixteen of them were excluded due to incomplete dietary data. Therefore, the study population comprised 1135 subjects, 562 men and 573 women. The subjects were permanent residents in the city of Malmo È and they had been randomly invited by letter and by advertisements in local media. The information of residence was obtained from the city Council Population Registry which were updated every third month. Sixty seven percent of the subjects were married, 8% single, 18% divorced and 7% was widowed. About 15% of the cohort had a foreign background (Swedish citizen, but born abroad) or were foreign citizens.
The subjects ful®lled a diet assessment and a structured questionnaire that covered socio-demographic factors, smoking habits, alcohol consumption, medication and health conditions, for example, previous ulcer. The smoking habits of the participants were categorized as follows: current (included regular and occasional), former smokers and never smoked. Ethnicity was asked for and being Swedish was de®ned as being born in Sweden.
The questionnaire was explained at an initial visit and completed at home and then checked by the staff on the participants' second visit after about two weeks. The additional questionnaire covered current and previous medication and prede®ned questions on changes of dietary habits, increased or decreased intake of speci®ed food items. Questions about medical conditions included dyspeptic symptoms and peptic ulcer, time and place of previous endoscopy or X-ray examinations. The city of Malmo È has only one hospital which perform endoscopy and X-ray examinations at the Department of Diagnostic Radiology. Endoscopy was also perfomed by private physicians. All X-ray examinations and endoscopy results performed at the hospital for the 1135 subjects between 1950±1995 were reviewed. Medical records was missing or authority was denied in four cases. Sixty-seven subjects stated that they had only been investigated at one of the major private medical facilities and all but seven of these medical records were retrieved.
The diagnostic criteria for a veri®ed ulcer were an ulcer or a visualized crater found at X-ray examination or endoscopy by the radiologist or endoscopist. An ulcer located proximal to the pyloric was de®ned as gastric ulcer and a distal location as duodenal ulcer. Nine subjects operated upon due to peptic ulcer were classi®ed as having a veri®ed ulcer, but without speci®ed localization since this information was missing. Non ulcer dyspepsia was de®ned as reported dyspeptic symptoms with nausea, heartburn, belching or gastric cattarh without ulcer on X-ray examination or endoscopy. The control subjects had, per de®nition, not stated any abdominal discomfort or ulcer in the questionnaire and any X-ray examination or endoscopy could not be retrieved, except for thirteen subjects. Those examinations had no signs of ulcer, bulb deformation or crater.
Out of the 1135 responders, 764 subjects con®rmed a history of ulcer, 142 subjects had non ulcer dyspepsia without ulcer on examinations and 229 control subjects had no abdominal symptoms/ulcer and no pathological Xray examination or gastroscopy. An ulcer could be veri®ed in 332 out of the 764 subjects with a history of ulcer, whereas the 432 others, classi®ed as unveri®ed ulcer, had either normal examinations or their medical records were not found at the cited hospital or major private clinic.
The diet assessment method used in the study is a modi®ed diet history method comprising a combination of a quantitative food frequency questionnaire covering breakfast, snacks for the past year and a 7 d menu book covering hot meals and beverages. In both parts the portion sizes of each of the different food items and dishes are estimated with the help of a picture book with varying portions of different types of foods. The participants visited the Study center twice. At the ®rst visit the participant got information about background and objectives of the study in groups of 6±8 people. The questionnaires and dietary assessment booklets were introduced and explained. At the second visit the completeness of the questionnaires were checked individually by a diet assistant. Average serving sizes of each food item written in the menu book were determined with the help of the picture book. No compensation was made for losses of frying fat during preparation of meat dishes, except for bacon. However, added fat during frying were not included, except for coating. The data were entered directly into a computer and then checked for abnormal or missing values. Measured energy intake was compared to estimated energy expenditure adjusted for age, gender and weight. The nutrient values of the estimated food intake were coded according to the Swedish Food Data Base from the national Food Administration. The method enables to determine intake of micro-and macronutrients, food items and food groups, and various types of dishes. Intake of dietary supplements were assessed during the seven day menu recording and their relationships to dietary habits have been described elsewhere (Elmsta Êhl et al, 1994) . Fermented milk products comprised yogurt, butter milk and products with lactobacilli and bi®dobacteria.
The method has been valided using an 18 d weighed dietary record in a separate methodological study. The results showed agreement with the reference method for the main nutrients in the order of 0.6±0.7 and for the main food groups in the order of 0.5±0.7 using correlation analyses (Elmsta Êhl et al, 1996a (Elmsta Êhl et al, , 1996b .
Statistical analyses
Intake of speci®c food items from recipes and dishes have been aggregated and intake calculated in gram using the Swedish Food Data Base, from the National Food Administration, comprising about 1500 food items. Subjects have been classi®ed into quintiles according to intake of milk products, fermented milk products, cheese and cream. A linear trend was tested between quintiles using Pearson product moment analyses. Differences between groups was tested with Scheffe's test. Non parametric testing was used for comparing proportions of subjects with changed dietary habits. Intake of speci®c nutrients included the use of dietary supplement. The sociodemographic variables signi®cantly related to a veri®ed ulcer in the univariate analyses were included in the multivariate logistic regression model. Odds ratios are given with 95% con®dence intervals.
Results
A veri®ed ulcer was identi®ed in 332 subjects of those reporting a previous ulcer and they had lower intake of fermented milk products and vegetables and higher intake of milk and meat than the controls (Table 1) . Subjects with unveri®ed ulcer had a different pattern with higher intake of fermented milk products, cheese, vegetables, fruit and tea than subjects with veri®ed ulcer. A lower intake of fermented milk products was found in subjects with veri®ed ulcer compared to all other groups. Analyses of sexes separately showed the same pattern with lower intake of fermented milk products in men compared to subjects with non ulcer dyspepsia or combined ulcer, and higher intake of milk than controls in both men and women (data not shown).
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The group with veri®ed ulcer was divided by localization of the ulcer, and 113 subjects (34%) had gastric ulcer, 153 subjects (46%) had duodenal ulcer and 66 subjects (20%) had combined ulcer. Similar food patterns were noted for the three groups except for fruit intake. The duodenal ulcer group had lower intake of fruit than the gastric ulcer group (170 g vs 188 g, P`0.05).
Higher intake of milk, derived by quintiles was associated with increased risk of veri®ed ulcer (odds ratio 1.16, 1.03±1.31). A high intake of milk, de®ned as subjects belonging to the fourth quintile of the distribution of milk consumption compared to the lowest quintile, was associated with increased risk of gastric or duodenal ulcer in univariate analysis; odds ratio 1.72 (1.01±2.92) ( Table 2) . No further increase of odds ratio where seen when comparing the top quintile. On the other hand, a high intake of fermented milk products by quintiles was associated with a reduced ulcer risk (0.83; 0.72±0.96). The highest quintile with an intake more than 175 g daily, showed a reduced odds ratio for ulcer, 0.52 (0.33±0.82) compared to the two lowest quintiles. The intake of milk and fermented milk products were not correlated (r =70.08, P b 0.05).
Having a gastric or duodenal ulcer was associated with socio-demographic and life style factors. An increased risk of veri®ed ulcer were found among unmarried or divorced subjects compared to married; current smokers or former smokers compared to non-smokers and non-Swedish ethnicity compared to Swedish ethnicity (Table 3 ). The logistic multivariate odds ratio for having a veri®ed ulcer by quintiles of milk intake was 1.17 (1.03±1.32) among subjects, when adjusting for the covariates tobacco consumption, marital status and ethnicity. The corresponding adjusted odds ratio for intake of fermented milk products was 0.82 (0.71±0.95).
Nutrient intakes differed and subjects with non ulcer dyspepsia had lower intakes of energy, carbohydrates, total fat, mono-and saturated fat than subjects with either veri®ed ulcer or unveri®ed ulcer (Table 4 ). The veri®ed ulcer group had signi®cantly lower intake of ascorbic acid compared to the control group and to the unveri®ed ulcer group. When the veri®ed ulcer group was divided by site, Quintiles 1 and 2 were aggregated due to non-consumers. The same letters between groups denote a signi®cant different, a,b,c,d,e,f P`0.05;
Fermented milk products and ulcer risk S Elmsta Êhl et al the duodenal group has signi®cantly higher intake of monounsaturated fat (37 g vs 33 g, P`0.001), polyunsaturated fat (18 g vs 15 g, P`0.001) and linolenic acid (2.1 vs 1.7 g, P`0.001) and lower intake of ascorbic acid (128 mg vs 174 mg, P`0.001) and ®ber (20.8 g vs 22.6 g, P`0.001) than the controls. Stable dietary habits were reported by 150 out of 229 control subjects and by 158 out of 332 subjects with veri®ed ulcer (Table 5) . A higher proportion of subjects with ver®ed ulcer reported decreased intake of milk and coffee compared to the controls (22.5 vs 14.5% and 22.5 vs 15.0%), whereas more subjects in the non ulcer dyspepsia group and the unveri®ed ulcer group reported increased intake of fermented milk products (20.8 vs 10.3% and 20.9 vs 10.3%) (P`0.05). Subjects reporting changed dietary habits in the ulcer groups (veri®ed and unveri®ed) had higher intake of fermented milk products and lower intakes of cheese, margarine, meat, coffee and alcohol than subjects with stable dietary habits and ulcer (Table 6 ). When the veri®ed ulcer group were divided by localization, gastric ulcer, but not duodenal ulcer, had signi®cantly higher fruit intake among those who changed their dietary habits compared to those with stable food habits (211 g vs 163 g, P`0.05).
Present use of omeprazole was reported by 10% of subjects with veri®ed ulcer and non ulcer dyspepsia, respectively, and 13% in the group with unveri®ed ulcer and none in the control group. The proportion of proton pump inhibitors in subjects with veri®ed gastric ulcer was 7.0% compared to 9.8% in duodenal ulcer and 13.6% in subjects with combined ulcer. The corresponding use of Fermented milk products and ulcer risk S Elmsta Êhl et al H 2 -inhibitors in the three groups were 7.0%, 2.0% and 10.6%. Intake of other drugs including antibiotics did not differ between the groups with ulcer, combined ulcer or non ulcer dyspepsia.
Discussion
The results indicate that dietary factors are associated with peptic ulcer. High intake of fermented milk was associated with fewer ulcers, whereas increased risk of peptic ulcer was observed among subjects with a high milk intake. The increased risk of peptic ulcer and milk intake is consistent with previous reports (Johnsen et al, 1994; Ippoliti et al, 1976) . One explanation might be that milk and the high calcium content has a stimulative effect on acid secretion, although the intake of milk might reduce symptoms. However, studies showing a protective role of milk and calcium on gastric ulceration has also been published (Koo, 1994) . Therefore, the role of milk needs to be further investigated. Differences in the prevalence of peptic ulcer disease among communities has been attributed to variation in diet and eating patterns, and fermented milk products have been suggested to protect against peptic ulcer (Malhotra, 1978) . Bile has been suggested to play a causative role in the development of ulcer. Production of salivary mucus, stimulated by fermented milk products such as yoghurt, will thereby prevent peptic ulceration through a decreased¯ow rate of bile and reduced alkalinity (Malhotra, 1978) . Shortchain fatty acids also retard gall bladder contraction. Low intake of other nutrients such as ®ber, ascorbic acid and alcohol in patients with endoscopically veri®ed ulcer compared to controls has been reported by previous studies and similar to our results (Mullan et al, 1994) . The possible protection of ascorbic acid in gastric juice against peptic ulceration and gastric carcinoma has been investigated (Banerjee et al, 1994) . Studies have suggested that vitamin C protects against H. pylori infection (Nilius et al, 1991; Goodman et al, 1997) . Eradication of the infection has resulted in return of low gastric vitamin C levels to normal (Phull et al, 1995) . We found lower intake of ascorbic acid and vegetables and fruits, the main food sources, among subjects with veri®ed ulcer. The dietary habits of the subjects with non ulcer dyspepsia did not differ from the controls. Similar ®ndings were reported by a recent case control study with endoscopically determined functional dyspepsia (Cuperus et al, 1996) . Sweden is an interesting country for studies on fermented milk products and health, since the average annual consumption is very high, 28.6 kg. The wide distribution allows for better possibilities to detect diet and disease associations. This consumption data could be compared to an annual intake of 2.1 kg per person in USA and 37.0 kg per person in Finland which is the country with the highest consumption (Annual Statistics, 1995) .
The interpretation of these data might be limited by recall bias and differential error in subjects reporting dyspeptic symptoms and ulcer. Another possibility is of course changes of dietary habits secondary to dyspeptic symptoms. Undiagnosed peptic ulcer of¯uctuations in intensity of symptoms might initiate changes of dietary habits long before a diagnosis. It cannot be excluded that former dietary recommendation of milk as lenient food for ulcer patients might have in¯uenced milk consumption. The fact that persons with peptic ulcer consumed less fermented milk products raises the question whether they avoided this type of products. However, the ulcer group that changed their dietary habits reported signi®cantly higher intake of fermented milk products indicating that a prospective study might give even larger inverse association between fermented milk products and ulcers. Furthermore, no signi®cant difference was noted in the proportion of subjects reporting increased milk consumption between the ulcer group and the control group, and subjects in the two groups who changed dietary habits had similar milk consumption. A higher proportion of patients with veri®ed ulcer reported changed dietary habits than the controls (51% vs 34%). The dietary pattern in patients with ulcer and controls remained consistent also when subjects with stable dietary habits were analyzed separately.
Diet restriction and hospitalization as treatment of peptic ulcer in Scandinavia have been abandoned since the middle of the 1970s, and a balanced diet is recommended in Molinder, 1995) . Changes of dairy products, for example giving milk is not recommended today in a bland diet but a moderate intake of alcohol, spicy foods and beverages such as coffee that induce acid secretion are sometimes recommended. About 15% of subjects with veri®ed ulcer reported present consumption of proton pump inhibitors or H 2 -inhibitors. A higher proportion was found in subjects with combined ulcer as expected. A high proportion of patients with dyspeptic symptoms, but without a history of ulcer or eosophagitis according to X-ray examination or endoscopy, also consumed proton pump inhibitors. Whether this re¯ects not veri®ed ulcers in the study of liberal prescription by physicians is unclear. However, a very high percentage of all X-ray examinations and gastroscopy performed at the one and only city hospital was retrieved and the annual migration rate in these age groups is low, about 1±2%.
A low intake of fat and essential fatty acids have been associated with dyspeptic symptoms and peptic ulcer in previous studies (Grant et al, 1990; Mullan et al, 1994) . A reduced amount of linoleic acid in fat biopsies was found in patients with peptic ulcer (Kearney et al, 1989) . Other studies have not been able to reproduce this from analyses of the content of linoleic acid in subcutaneous biopsies (Seidelin et al, 1993) . A diet high in polyunsaturated fatty acids are supposed to protect against duodenal ulcer. Linoleic acid and its metabolite arachidonic acid may be converted to cytoprotective eicosanoids (Fletcher, 1993) . Primrose oil rich in linoleic acid and linolenic acid has shown anti-ulcerogenic affects against necrotizing agents in rats (Shabanah, 1997). Animal models and epidemiological studies have suggested an association between decrease in peptic ulcer and ingested amounts of linoleic acid, perhaps mediated by prostaglandins (Hollander & Tarnawski, 1991) . Another suggested mechanism is the inhibitory effect of polyunsaturated fatty acids on the growth of H. pylori, shown in vitro with different concentrations of linoleic acid, linolenic acid, arachidonic acid and eicosapentaenoic acid (Thompson et al, 1994) . On the contrary, we found a slightly but signi®cantly higher intake of polyunsaturated fatty acids and linolenic acid in subjects with veri®ed ulcers, gastric and duodenal ulcer, than controls. Subjects with dyspeptic symptoms reported lower intake of saturated fat and polyunsaturated fat than those with an ulcer. Another analytical problem to consider is collinearity between different nutrients and the suggested antibactericidal effect of micro-organisms which might go together in the same foods (Elmsta Êhl & Gullberg, 1997) . However, milk and fermented milk products was not signi®cantly correlated.
We found an association between high intake of fermented milk products, but not milk, and reduced risk of peptic ulcer. These results are consistent with the bactericidal effect of certain micro-organisms, namely, Lactobacillus, and casein against H. Pylori showing growth inhibition Korhonen et al, 1995; Midalo et al, 1995) . Fermented milk has been shown to reduce gastric emptying, a fact that could be of importance for an antagonistic effect between lactic acid bacteria and H. Pylori (Strandhagen et al, 1994) The bactericidal effect of milk and colostrum disappeared after heating (Stro Èmqvist et al, 1995) . This is consistent with ®ndings in this and other studies showing no positive effect of milk consumption on the occurrence of peptic ulcer (Johnsen et al, 1994; Mullan et al, 1994) .
Several other risk factors besides dietary factors have been associated with peptic ulcer such as, for example smoking, low socioeconomic status and heredity. This probably re¯ects the multifactorial etiology of peptic ulcer. The odds ratio for current smokers compared to nonsmokers with respect to having ulcer in this study, 2.65, was similar to the ®ndings from a prospective Norwegian study (Mullan et al, 1994) . Fermented milk products did not seem to protect smokers from developing ulcer. The odds ratio for having a veri®ed ulcer in high consumers of fermented milk products (top quintile) was 0.57 (0.24±1.34) among current smokers compared to 0.75 (0.32±1.74) among non smokers.
Conclusions
A high intake of fermented milk products was associated with lower risk of peptic ulcer. Further prospective studies are needed to assess whether this association remains and could be linked to an antimicrobial effect.
